Objective: The endothelium is a newly recognised target tissue of parathyroid hormone (PTH). It is not clear whether hyperparathyroidism affects endothelial function and whether parathyroidectomy (Ptx) has an influence on arterial vessel wall properties. We studied brachial flow-mediated vasodilation (FMD) and brachial and carotid intima-media thickness (IMT) in patients with primary hyperparathyroidism (pHPT) before and after Ptx and in healthy controls. Methods: 19 patients with pHPT (mean1SEM, age 4564.7 years, PTH 238652 ng / l) were studied. Diabetes, hypertension and vascular disease were excluded. Twenty healthy volunteers matched for age, sex and blood pressure served as controls. Enddiastolic diameter, FMD and nitroglycerine-induced (NMD) dilation of the brachial artery were measured by a multigate pulsed doppler system (echo-tracking), IMT was determined using automatic analysis of the M-line signal. Healthy volunteers where studied on one occasion, patients were studied at baseline and 6 months after Ptx. Results: Six months after Ptx PTH had decreased to normal, blood pressure levels remained unchanged. Endothelium dependent FMD at baseline was impaired in patients compared to controls (4.761.2 vs. 18.263.7%, P,0.01), however, FMD improved significantly after Ptx (16.763.0%, P,0.01). Nitroglycerine-induced dilation, IMT and artery diameter were not different between groups and did not change after Ptx. Conclusions: Impaired endothelium dependent vasodilation in patients with primary hyperparathyroidism improves after successful parathyroidectomy. Endothelial dysfunction associated with primary hyperparathyroidism occurs without detectable structural wall alterations of the brachial artery and appears therefore to be an early and reversible arterial alteration.
Introduction
essential hypertension and acute infusion of PTH raises blood pressure in healthy humans [7, 8] . Elevated paraThere is an increasing body of evidence that parathyroid thyroid hormone levels are common in renal insufficiency hormone (PTH) affects functional and structural properties and after kidney transplantation. We could demonstrate that of large arteries [1] . PTH can influence the vascular tone hyperparathyroidism alters elastic properties of the arterial [1,2] and has been shown to stimulate structural alterations system in patients after kidney transplantation [9] . like proliferation of vascular smooth muscle cells and
In the last couple of years there has been increasing cardiomyocytes [3] . Elevated levels of parathyroid horevidence from animal studies that the endothelium is a mone have been demonstrated in patients with essential target organ of PTH [10, 11] . Endothelial dysfunction is a hypertension [4] [5] [6] . A positive relationship between PTH crucial factor in atherogenesis and an early event in the levels and blood pressure has been demonstrated in pathogenesis of arterial disease. Recently, our group found a significant relationship between endothelium-mediated vasodilation of the brachial artery and parathyroid hor-mone levels in renal transplant recipients [12] . However, it 4564.7 years, 11 women and 8 men) were followed up 6 is not clear whether endothelial function is impaired in months after parathyroidectomy. Twenty healthy volunhyperparathyroidism and whether endothelial impairment teers (CON) matched for age, sex and blood pressure is reversible after parathyroidectomy. Moreover, it remains served as controls. Standard laboratory assays were used to to be elucidated whether hyperparathyroidism directly determine fasting concentrations of serum creatinine, total influences the arterial wall or whether it is a permissive cholesterol, triglycerides, glucose, total calcium and phosfactor related to hypertension or uremia. In patients with phate levels. Plasma intact (1-84) parathyroid hormone renal impairment and hypertension confounding risk facconcentrations were determined using a radioimmunoassay tors and concomitant disease do not allow the discrimina-(normal range: 12-65 ng / l). tion of vascular effects of hyperparathyroidism per se. Since it has been shown that PTH stimulates proliferation 2.2. Blood pressure measurements of smooth muscle cells and thus structural vessel wall alterations, assessment of structural vessel wall parameter Left brachial artery blood pressure was measured using and a possible relation to functional vessel wall properties an automatic sphygmomanometer (Critikon Dinamap in primary hyperparathyroidism are of interest.
model 1846 SX, Tampa, FL, USA). The measurements An increase of intima-media-thickness (IMT) is an early were done at rest and the mean value of five consecutive structural alteration of the arterial wall in patients with measurements over 15 min was calculated. renal failure and essential hypertension [13] [14] [15] . Moreover, flow-mediated vasodilation is a valid index of 2.3. Vessel wall investigations endothelial function in large arteries [16] . We therefore studied flow-mediated vasodilation and IMT of the brachiAll studies were performed between 8 and 12 a.m. in al artery before and after parathyroidectomy in patients supine position after at least 15 min at rest. Following with primary hyperparathyroidism (pHPT) free of renal blood sampling vessel wall properties of the left common disease, arterial hypertension, cardiovascular risk factors or carotid artery 1, 2 and 2.5 cm below the carotid bifurcation disease. The aim of the present study was to study and of the right brachial artery approximately 5 cm influence of parathyroid hormone excess and of successful proximal of the elbow were studied in a longitudinal parathyroidectomy on endothelial function and early strucprojection with a multigate pulsed doppler system (Pie tural changes of the arterial wall.
Medical Equipment, Maastricht, The Netherlands) [17, 18] . The arteries were displayed in B-and M-Mode. Vessel wall movements could be monitored based on low-frequency 2. Methods doppler signals originating from the sample volumes coinciding with the anterior and posterior walls. The 2.1. Subjects doppler signals in M-mode were temporarily stored and analyzed by a personal computer system. The system Our study conforms with the principles outlined in the allows the assessment of the relative change of major declaration of Helsinki and was performed in accordance peripheral artery diameter as a continuous function of time with protocols approved by the local ethics committee at with an accuracy of about 0.5%. With this non-invasivë the University of Munster. Each subject gave informed method, the enddiastolic diameter [d (mm)] was measured consent to participate. Patients who where admitted for using an ECG-trigger. Coefficient of variation was surgery for pHPT between December 1997 and August 4.560.7% (n526) for the enddiastolic diameter of the 1999 were consecutively enrolled into the study. Patients brachial artery. and controls underwent physical examination, ECG, chest X-ray and routine laboratory analysis. The following 2.4. Intima-media-thickness exclusion criteria were used: coronary heart disease, heart failure, valvular heart disease, cerebral vascular disease, IMT of the common carotid artery and the brachial peripheral artery disease, diabetes mellitus, impaired renal artery were measured using the radiofrequency ultrasound function (serum creatinine .1.2 mg / dl), hypercholessignal of the posterior wall acquired along an M-line by terolemia (defined as serum cholesterol .230 mg / dl), the perpendicular placed probe which was stored in a intake of antihypertensive medication and smoking. Addipersonal computer system. Using professional software tionally, patients with diastolic blood pressure values of 90 (Pie Medical Equipment) the signal was processed accordmmHg or above or systolic blood pressure values of 140 ing to the method described and validated elsewhere [19] . mmHg or above measured in sitting position were exHoeks et al. found a variation in the order of 45 mm using cluded from the study. Thus 21 patients with primary this technique in vivo [19] . Three measurements at three hyperparathyroidism (pHPT) were eligible. One patient sites of the common carotid artery and of the brachial showed persistent hyperparathyroidism after surgery and artery |2-6 cm above the elbow were averaged to assess one patient was lost to follow-up. Thus 19 patients (age mean IMT. value. Coefficient of variation using this technique is 4.560.7% (n526) for the enddiastolic diameter of the brachial artery. After three measurements at baseline were taken, a forearm cuff was inflated at 300 mmHg for 4 min mone, calcium and phosphate concentrations normalised distal the site of ultrasound measurement. During the last six months after parathyroidectomy and were not different minute of cuff inflation and 1, 2, 3, 5, 7 and 10 min after from healthy controls at the follow-up visit (Table 2) . cuff release further measurements of brachial artery enBlood pressure levels were not different between groups ddiastolic diameter were taken. Additionally, brachial and did not change after surgery. artery blood flow at baseline and during the initial 15 s of Baseline diameter of carotid and brachial artery were reactive hyperaemia was estimated using pulsed doppler comparable between patients with primary hyperparathyroand the degree of reactive hyperaemia in percent of the idism and control subjects. There was also no significant basal blood flow was calculated. 11 min after cuff release, difference in brachial artery and carotid artery IMT when vessel diameter had returned to baseline values, 400 between groups. Endothelium-dependent flow-mediated mg of glycerol trinitrate were administered sublingually vasodilation of the brachial artery was significantly reand further scans of the brachial artery were taken after 1, duced in pHPT at baseline when compared to healthy 3 and 5 min. Flow-mediated vasodilation was calculated as controls. This was true for absolute and relative values of the maximum absolute and relative increase in brachial diameter change during reactive hyperemia ( 1). Nitrogylcerine-mediated, endothelium-independent Nitrogylcerine-induced vasodilation was calculated accordvasodilation did not differ significantly between groups ingly as the maximum increase in artery diameter after (Table 2) . sublingual application of glycerol trinitrate.
Six months after parathyroidectomy flow-mediated vasodilation was significantly improved and returned to values 2. 6 . Statistics comparable to those of healthy controls (Table 2 , Fig. 1 ). This was true for absolute and relative diameter change Statistical analysis was performed using the computer during reactive hyperemia. The end-diastolic diameter and software SPSS (statistical Package of Social Science, 4.0, the nitroglycerine-induced vasodilation of the brachial 1990, SPSS, Chicago, IL, USA). Data are expressed as artery remained unchanged when compared to the values mean6standard error of the mean (SEM). Post hoc before surgery. analysis of variance (Fishers PLSD) was performed for mean comparison of continuous variables between groups (controls, patients before and patients after Ptx). Nominal 4. Discussion 2 variables were compared by x test. Statistical significance was assumed at P,0.05. The data of the present study show that flow-mediated vasodilation of the brachial artery is reduced in patients with primary hyperparathyroidism. Moreover, endothelial 3. Results dysfunction normalizes after successful parathyroidectomy. Additionally, IMT of the brachial artery was normal in our Clinical and biochemical data of patients and controls at patients, suggesting that endothelial dysfunction in primary baseline are given in Table 1 . Age, sex, body mass index, hyperparathyroidism occurs in the absence of structural serum lipids and serum creatinine levels were not sigvessel wall alterations. nificantly different between patients with hyperparathyroIn the last decade a couple of studies in animal models idism and healthy controls. Plasma intact parathyroid as well as in patients suggested that PTH can influence the hormone and serum calcium levels at baseline were functional and structural properties of large arteries significantly higher, serum phosphate levels significantly [2, 3, 9, 20, 21] . It has been shown that hyperparathyroidism lower in patients with primary hyperparathyroidism when can contribute to the development of hypertension and is compared to healthy controls (Table 2) . Parathyroid horassociated with an increase in cardiovascular morbidity and mortality [1, 4, 6, 10] . Our finding of impaired endotional arterial vessel wall properties has been shown. In thelial vasodilatory function may be related to this clinical renal transplant patients endothelial dysfunction is correobservations. lated to PTH levels [12] and elevated parathyroid hormone In the last few years there is increasing evidence that the concentrations have a deleterious effect on elastic propendothelium is a physiologically relevant target organ of erties of the arterial wall [9] . In patients with hypertension PTH. Schleiffer et al. observed a blood pressure fall due to carotid artery distensibility has been found to be inversely increased endogenous nitric oxide release in hypocorrelated to PTH concentrations [21] . The mechanisms of parathyroid rats [22] . Jiang et al. [23] demonstrated these influences of hyperparathyroidism are not clear. Our expression of the PTH / PTHrp-receptor in vascular endostudy did not address the mechanisms by which hyperparathelial cells, suggesting the endothelium as a target tissue thyroidism affects arterial vessel wall properties. However, of PTH. In patients with renal insufficiency and hypertenthe observed normalisation of endothelial dysfunction after sion a negative influence of hyperparathyroidism on funcparathyroidectomy in otherwise healthy patients with primary hyperparathyroidism suggests, that hyperparathyroidism per se affects the endothelium rather than potentiating the effects of renal insufficiency or hypertension. Conditions known to affect endothelial function such as smoking, renal failure, hypercholesterolemia, presence of atherosclerotic plaques and possibly hypertension were excluded to highlight the effect of PTH excess [24] [25] [26] [27] . However, the design of our study does not allow to discriminate direct, receptor-mediated effects of PTH from effects of chronic hypercalcaemia, hypophosphataemia and other metabolic changes that are associated with hyperparathyroidism. It has been shown, that chronic hypercalcaemia induces hypersecretion of ACTH and consequently cortisol and aldosterone [8] . The complex metabolic changes after parathyroidectomy may therefore contribute to the observed reversible alterations of endothelial function. Additionally to functional effects, PTH has been shown contribute to left ventricular hypertrophy and structural roidectomy and of control subjects (n520). There was no significant vessel wall alterations [3, 28] . Ultrasound systems includdifference in NMD with time or between groups. FMD was significantly ing echo-tracking devices are unable to differentiate bereduced in pHPT compared to controls at baseline and improved significantly with time.
tween intima-and media-thickening. Early endothelial early primary hyperparathyroidism, who were devoid of
